Thus erythrocyte cholinesterase measurements can readily be made, to complement plasma cholinesterase in the investigation of exposure to organophosphates.
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Organophosphate compounds are extensively used as insecticides. They are generally highly toxic, and exposure to them is a hazard to workers involved with them. Because organophosphates irreversibly inhibit cholinesterases, exposure can be assessed by measuring plasma cholinesterase (EC 3.1.1.7) activity.
However, estimates of erythrocyte cholinesterase (EC 3.1.1.8) activity provide additional information, because plasma cholinesterase can also be depressed by inherited traits or by other causes, notably liver disease (1) . The principal obstacle to estimating erythrocyte cholinesterase is the high background absorbance of hemoglobin pigments. In particular, the peak absorbance wavelength of the reaction product, 5-thionitrobenzoate, coincides with the Soret absorption band of hemoglobin at 410 nm (2) . The ratio of the molar absorbance of hemoglobin to Department of Clinical Biochemistry, Christchurch Hospital, Christchurch, New Zealand.
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that of 5-thionitroben.zoate at this wavelength is 37. 9 (3) . We propose a simple adaptation of a method for plasma cholinesterase (4) that overcomes hemoglobin spectral interference by reducing the blank absorbance to nearly onequarter of that by the previous method, giving a twofold improved precision. To do this, we replace the quinidine sulfate "stopping" reagent with the detergent Hyamine 1622.
The kinetic spectrophotometric procedure pioneered by Ellman et al. (5) (17) and its adaptation to the Technicon SMAC analyzer (18) . We have found that the absorbance peak of 5-thionitrobenzoate is shifted from 410 to 435 nm in the presence of the cationic detergent benzethonium chloride (Hyamine 1622). An added advantage is that the Soret band of hemoglobin is shifted to a shorter wavelength and the ma.ximum absorbance is decreased by about half; this has been attributed to the formation of methemoglobin (15). Thus, overall, addition of this detergent decreases back-ground absorbance of hemoglobin by 70% at the recommended wavelength of 440 nm.
Materials and Methods

Materials
Apparatus.
We used an SP 8-100 spectrophotometer (PyeUnicam Ltd., Cambridge, U.K.)throughout this study, but we also tested the proposed technique with a 300 T-1 spectrophotometer (Gilford Instrument Labs., Oberlin, OH 44074) with a glass flow-through cuvette. Each instrument was calibrated for wavelength and absorbance in accordance with the manufacturer's instructions.
Chemicals. Propionylthiocholine iodide (PTCI), quinidine sulfate, cysteine hydrochloride, and 5,5'-dithiobis(nitrobenzoic acid) were from Sigma Chemical Co., St Louis, MO 63178. Hyamine 1622 was supplied by BDH Chemicals Ltd., Poole, U.K. Buffer salts, from Fisons Scientific Apparatus Ltd., Loughborough, U.K., were of analytical grade. Water was distilled and de-ionized. The 5-thionitrobenzoate used to evaluate the micellar spectral shift was prepared by reacting DTNB with cysteine hydrochloride, or by the reaction between DTNB and thiocholine generated by erythrocyte cholinesterase from propionylthiocholine. 
Samples
Blood specimens used to assess the precision of the methods were obtained from 22 apparently healthy individuals. Specimens used for accuracy assessment were from 11 hospital patients, selected after a preliminary assay to give a wide range of erythrocyte cholinesterase activities. Hemolysates were prepared and frozen until assayed.
The 116 blood samples used to derive the "normal" reference interval were selectedwithout conscious bias from hospitalized patients who had no known exposure to cholinesterase inhibitors.
Molar Absorbance
Hyamine 1622 or quinidine sulfate stopping reagent was added to DTNB reagent in accordance with the volumes specified in the recommended assay procedure. To triplicate samples of each solution we added five different amounts of cysteine hydrochloride in water and measured the absorbances of the Hyamine 1622-containing solutions at 440 nm and those with quinidine sulfate at 410 nm. Matched quartz cuvettes were used, and the band width of the Pye-Unicam SP8-100 spectrophotometer was set at 0.1 nm.
The absorbances were compared by linear regression, and the molar absorptivity for 5-thionitrobenzoate in Hyamine 1622 solution (14 340 
Procedures
Recommended assay procedure.
This method is a modification of that of Dietz et al. (4) to assay tests in duplicate, with one blank sample. Prepare hemolysates by adding 100 L of packed erythrocytes from heparinized blood to 6.0 mL of water. Equilibrate 3.0 mL of DTNB reagent and 100 L of PTCI reagent in glass test tubes in a waterbath set at 37 #{176}C. At exactly 10-s intervals, vortex-mix the tubes' contents, either immediately after adding 100 j.L of hemolysate to start the reaction (tests), or without further addition (blanks), then replace the tubes in the water bath. Exactly 10 mm after mixing, add 1.0 mL of Hyamine 1622 stopping reagent, vortex-mix without delay, and place the tubes in racks at room temperature. Add 100 .tL of hemolysate to the blank tubes to give each hemolysate its own test and corresponding blank. Measure the absorbance of test solutions vs the respective blanks, at 440 nm.
To calculate the resulting erythrocyte cholinesterase activity in IUB units (U) per milliliter of packed erythrocytes, multiply the absorbance difference by 17.87. This factor is obtained from dilutionl(molar absorptivity X reaction time), where the dilution is 2562,the molar absorptivity is 14 340
LImol in a 10-mm cuvette, and the reaction time is 10 mm.
Experimental procedures.
The comparison procedure consisted of replacing the Hyamine 1622 stopping reagent with quinidine sulfate reagent (molar absorptivity 13 600 at 410 nm). Precision-assessment assays were done with the specimens in randomized sequences that differed in each batch.
We assayed the 22 specimens by each method on the same day (twice), and we assayed non-paired duplicates, in randomized sequence, of the first 11 specimens by each method on a third day. In addition, we assayed half of the samples by the recommended procedure and measured the absorbances with a Gilford 300 T-1 spectrophotometer. Results from all of these batches were used to calculate betweenand within-run statistics.
The accuracy study was performed by analyzing 11speci-mens in triplicate by each procedure. One specimen was incubated for 15 rather than 10 mm to produce an artifically high result. From these results variances for the proposed and comparison procedures were estimated and used in a weighted regression analysis (19) , which allows for the relatively poor precision of the comparison method. In the absence of a purified erythrocyte cholinesterase preparation, the linearity of the proposed technique was confirmed by measuring the absorbance change at intervals for 30 mm.
Results
The normal reference interval was 4.2 to 7.7 U/L (95 percentilerange) for 116 samples.
The between-run precision (CV) of the proposed method was 5.4% (within-run, 3.2%),a significant (p <0.01) improvement over the quinidine-sulfate-stopped method, which had a between-run CV of 9.1%. The within-run CV for the new technique as used with the Gilford spectrophotometer was 4.4%. With this spectrophotometer it was impossible toobtain a zero blank reading with the quinidine sulfate procedure.
The weighted regression analyses yielded a slope of 0.968 and intercept of -0.05U/L (r = 0.979, n = 11), when the proposed method (y) was compared with the reference method (x).
Spectral shifts arising from the association of dyes with detergent micelles have long been recognized (20) . Electronic rearrangement can arise from incorporation of the dye into the hydrophobic micellar core, or from localization in the charged surface layer (16) . Further work is required to elucidate the mechanism in the case of 5-thionitrobenzoate and Hyamine 1622.The change in the Soret hemoglobin band may be due to an alteration in the tertiary structure of hemoglobin, similar to the effect produced by sodium dodecylsulfate (21) . Alternatively, the formation of methemoglobin, as suggested by Ellman and Lysko (15) , is suggested by the spectral curve we obtained. Sodium dodecyl sulfate has been used to stop the erythrocyte cholinesterase reaction (22) , so changes in the enzyme's tertiarystructure could also explain the complete absence of enzymic activity after Hyaxnine 1622 is added. However, incomplete unfolding probablyoccurs, because the continual production of 5-thionitrobenzoate might be observed if sulfhydryl groups were progressively exposed. The quaternary animomum group of the Hyamine 1622 may bind to the catiomc site of cholinesterase and inhibit its activity. Other possible mechanisms by which the reaction is stopped may be the incorporation of DTNB, propionylthiocholine, or thiocholine in the detergent micelles, eliminating their participation in further reactions.
Although the Soret band of heme proteins is the major spectral interferent with the Ellman reaction, a small blank reaction resulting from erythrocyte sullhydryl compounds might be expected. This is not significant-it is <0.1 A at the dilution used-because the mean sulfhydryl
concentration in erythrocytes is 13 mmol/L (15).
The blank reduction has contributed to the improved precision of the proposed method. We believe that the low blank and the shift of the wavelength toward the maximum emission of tungsten lamps has made the procedure sufficiently robust for use on a routine wide-bandpass spectrophotometer. The complete inhibition of the reaction further improves precision and eliminates the necessity to read absorbances so promptly.
Although we carefully measured the molar absorptivity of 5-thionitroben.zoate in Hyaniine 1622 solution, our value of 14 340 L mol' cm' should be verified by the user on his own spectrophotometer. Also, as recommended by Diets et al. (4), the optimal wavelength should be verified independently. These steps will allow for different absorbance and wavelength calibrations and the broader bandpass typical of routine instrumentation.
We chose propionylthiocholine as substrate to allow maximum use of reagents common to plasma and erythrocyte assays. It has been well established as a plasma enzyme substrate which Lever has shown are peroxides, arising from polyether detergents, particularly after exposure to light (26) . Hyamine 1622 has a single ether group, and may be expected to yield peroxides. We recommend that each batch of Hyamine 1622 be tested with acidified potassium iodide solution, in methanollwater (25/75 by vol), and rejected if the yellow color of iodine is formed.
A simple method for erythrocyte cholinesterase in which essentially the same reagent system is used as for plasma cholinesterase adds further certainty to the diagnosis of organophosphate exposure. Although congenital deficiencies of plasma cholinesterase are rare, acquired cases are common (1). Long-term intrapersonal variability in erythro-cyte cholinesterase has been shown to be lower than that of the plasma enzyme, and this is reflected in the interpersonal range (27) . This suggests that erythrocyte cholinesterase is more suitable for long-term monitoring. Also, the time course of changes in enzyme activity after exposure to organophosphate differs for the two enzymes (8) , giving a characteristic pattern of recovery.
Organophosphate compounds are necessary for agricultural development, and we can expect an increase in their use. Most authorities recognize the need for controls, but an increase in human exposure has been reported (28) , and there is an increasing demand for monitoring exposure. Hospital admissions for organophosphate poisoning show an increasing trend (28) . Most cases were accidental, but 42% were attempted suicides.
